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Cefepime processes 

The present invention relates to the preparation of l-[[(6R,7R)-7-[[(2Z)-(2-amino-4- 
thiazolyl)methoxyinuno)acetyl]amino]-2-carboxy-8-oxo-5-tW 
yl]methyl]-l-methyl-pyrrolidinium dihydrochloride hydrate (cefepime dihydrochloride 
monohydrate), hereafter "cefepime". Cefepime is a valuable 4 th generation injectable 
cephalosporin with antibacterial properties, see e.g. The Merck Index Thirteenth Edition, Item 
1935, and is used e.g. in the form of a dihydrochloride hydrate of formula I 



CH 3 




Presently known methods for preparing cefepime are far from straightforward. For example, 
it is known that the 7-acyl side chain as the difficultly obtainable 2-(2-aminothiazol-4-yl)-2- 
methoxyimino-acetic acid chloride hydrochloride must be used for the production of 
cefepime, in order to obtain an active ingredient which is pure in respect of the by-products 
known as anti-isomer and A-2 isomer. 

The present applicants have sought to overcome the problems of hitherto known processes. 

In one aspect, therefore, this invention provides a process comprising reaction of a P-lactam 
intermediate of formula HA or DB 
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5 wherein 

Ri is trialkylsilyl, 
R is H or trialkylsilyl 
n is 0 - 2 and 

X is chloride, bromide or iodide, 
1 0 with a reactive derivative of the compound of formula m 
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wherein Y is halogen or a leaving group, 
to form a compound of formula IV or V 



IV 




is isolated wherein m is 0 or 1, 

the compound of formula IV, or the compound of formula V, is reacted with thiourea and 
subsequently the compound of formula I is isolated. 

Examples of trialkylsilyl protecting groups are trimethylsilyl and triethylsilyl. 

When Y represents halogen, Y may denote chloride, bromide or iodide, preferably chloride or 
bromide. Leaving group is understood in the context of this invention to denote a group 
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which is removed by reaction with e.g. thiourea, e.g. alkyl or aryl sulfonyl, e.g. Ci - C 4 alkyl 
sulfonyl. 

Unless otherwise stated, alkyl means Ci - C 8 alkyl, e.g. Ci - C 4 alkyl, e.g. methyl, ethyl, 
propyl or butyl and may be straight or branched chain. 

Unless otherwise stated, the compounds of formula HA and IBB are referred to as compounds 
of formula E. 

It will be appreciated that the compounds of formula II or V may exist in mixtures. Thus the 
compound of formula IIA may exist in a mixture having a proportion where n is 1, and a 
proportion where n is 2. The compound of formula EB may exist in a mixture comprising 
mono- and di-silylated forms. 

The compounds of formula II may be used in free base form, as a mono-addition salt or as a 
di-addition salt with a hydrohalic acid such as hydrochloric acid, hydrobromic acid or 
hydriodic acid. The addition salts may additionally be present in solvated form, e.g. as a 
hydrate. 

If the silylation variant is chosen, the intermediate of formula EB is obtained by known 
methods, using a silylation agent such as N,0-bis-(trimethylsilyl)-acetamide (BSA), 
N,0-bis-(trimethylsilyl)-trifluoroacetamide (BSTFA), N-methyl-N-trimethylsilyl- 
trifluoroacetamide (MSTFA) or for example hexamethyldisilazane (HMDS), in a solvent that 
is inert towards silylation agents, for example a nitrile, such as acetonitrile, an ether, for 
example tetrahydrofuran, or a chlorinated hydrocarbon, for example dichloromethane. 

Subsequently, the silylated derivative of formula EB is acylated with a reactive derivative of 
formula EI, the reactive derivative being an acid chloride, acid bromide or active ester, for 
example a S-mercaptobenzothiazolyl ester, optionally in the presence of an auxiliary base 
such as a tertiary alkylamine. 
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The compound of formula IV is subsequently desilylated with the assistance of a protic 
reagent, for example water or an alcohol, and then the compound of formula V is reacted with 
thiourea in an aqueous or organic-aqueous medium. Cefepime is subsequently crystallised, if 
necessary after separating the organic solvent, and where appropriate after removing any salt 
that is present, for example after treatment using anion exchangers by known methods after 
adding hydrochloric acid from an aqueous acetonic solution. 

An alternative is to work in an aqueous or aqueous-organic system, for example in a one- 
phase system consisting of water and a water-miscible solvent, for example a ketone, such as 
acetone, a nitrile, such as acetonitrile, or an ether, such as tetrahydrofuran, or in a two-phase 
system, for example in a combination of an ester of acetic acid, for example ethyl acetate, a 
chlorinated hydrocarbon, for example dichloromethane, or for example an aromatic 
hydrocarbon, for example toluene, whereby the compound of formula DA is optionally 
released from its respective mono- or di-addition salt form with the assistance of a base, for 
example caustic soda solution or caustic potash solution, a sodium or potassium hydrogen 
carbonate or alkali carbonate, or by known methods using an ion exchanger, and subsequently 
the compounds of formula II are acylated with a reactive derivative of formula HI After the 
acylation reaction has taken place, thiourea is added, and after optionally separating the 
organic solvent, the title compound is isolated by known methods by adding acetone from an 
aqueous/acetonic solution. 

Suitable ion exchangers include ion exchange resins comprising e.g. LA2 which is available 
commercially from the Rohm and Haas company. 

If desired, it is possible to isolate the compound of formula V, at this stage as an addition salt 
with a hydrohalic acid, for example as the hydrochloride, or isolate as free base. Here, the 
reaction sequence preferably starts with an acid addition salt of the compound of formula n, 
via the silylation route. By adding small amounts of protic solvent, for example water or an 
alcohol, to the compound of formula IV, the silyl groups are removed, and the halide present 
in the system enables direct crystallisation of the compound of formula V to take place. The 
preferred mono-addition salt is the monohydrochloride in crystalline form. In order to produce 
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this, the compound of formula EA is preferably used as the mono- or di-hydrochloride 
addition salt, and the preferred solvents for crystallisation are acetonitrile in combination with 
isopropanol. 

To isolate the compound of formula V as free base in crystalline form, the above procedure 
maybe used with addition of a suitable base to the solution or suspension of the acid addition 
salt of the compound of formula V. Alternatively, the acid addition salt of the compound of 
formula V may be isolated and subsequently converted to the corresponding free base by 
addition of a suitable base. Suitable bases include for example trialkylamines, e.g. 
triethylamine for example in an alcoholic solvent such as methanol. 

In US 4,266,049, a 7-acyl-3-acetoxymethyl-cephalosporinate is converted with the assistance 
of an iodotrialkylsilane into the corresponding persilylated 3-iodomethyl compound and this 
then undergoes nucleophilic substitution in the 3'-position. This technology can only be 
applied to the production of cefepime - starting with cefotaxime - to an uneconomical extent, 
since N-methylpyrrolidine as a strong base can greatly induce the formation of the by-products 
A-2 und und 7-epi ( Walker et al, J.Org Chem. 1988, pages 983-991). 

The present applicants found that working with N-methylpyrrolidine - trialkylsilane adducts 
iodotrimethylsilane and N-methylpyrrolidine as described in the above literature led to 
unsatisfactory results when using cefotaxime as the starting material. 

In another aspect therefore, this invention provides a synthesis route from cefotaxime (see 
Merck Index, 12 th Edition, item 1983) in accordance with the following scheme: 

cefotaxime in acid or sodium salt form -> 
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The choice of silylation agent is crucial to the smooth conversion of cefotaxime into a 
reactive, silylated derivative of formula VH, whereby R signifies hydrogen or a trialkylsilyl 
group. Suitable silylation agents are iodotrimethylsilane in the presence of a non-nucleophilic 
5 base, N,0-bis-(trime%lsilyl)-trmuoroacetamide ( BSTFA), (for example US 4,336,253); N- 
methyl-N-trimethyl-silyltrifluoroacetamide ( MSTFA) (for example EP 74 268); 1,1,1,3,3,3- 
hexamethyldisilazane ( HMDS) or a combination of all the said silylation agents. The 
compound of formula VIE is then produced in known manner with iodotrimethylsilane. 

1 0 According to the above synthesis method, the silylated compound of formula Vm is treated 
simultaneously or substantially simultaneously with a protic solvent and N-methylpyrrolidone, 
whereby in a first step the compound of formula DC is produced and this is then rapidly 
reacted with N-methylpyrrolidine. The reaction accordingly illustrates a desilylation reaction, 
followed by salt formation on the carboxylic acid and nucleophilic substitution. This principle 

1 5 simultaneously minimises the instability of the highly reactive iodomethyl grouping by an in 
situ reaction with N-methylpyrrolidine, and through the (desilylation) salt formation on the 
carboxylic acid, by-product A2 formation is drastically reduced 

Suitable protic solvents are, in particular, alcohols, for example Ci-C 4 -alcohols, preferred 
20 alcohols being ethanol and isopropanol. The amount of protic solvent is not critical, however 
the applicants have obtained favourable results when the reaction proceeds in a homogeneous 
solution or suspension, and through insolubility, the compound of formula EX is extracted 
from the possible further reaction in salt form or in free acid form. 

25 In a preferred embodiment, the compound of formula VHI is mixed with a mixture of N- 
methylpyrrolidine and alcohol, preferably isopropanol. In this way, not only does the above- 
described reaction sequence take place, but the title compound is obtained as an addition salt 
with hydroiodic acid. This can be isolated from the reaction mixture directly. The iodide is 
removed from the product simply by treatment in an aqueous or aqueous-organic solution, for 

30 example in a mixture of dichloromethane/water, with a commercial anion exchanger, for 
example with Amberlite LA-2 (from Rohm & Haas), and by adding hydrochloric acid the 
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active ingredient can subsequently be crystallised as the dihydrochloride hydrate according to 
known methods, for example from an aqueous/acetonic solution. 

In one embodiment, the isolated hydroiodide may be converted into the corresponding free 
5 amphoteric ion (betaine) of formula XI, for example by treatment with a trialkylamine, e.g. 
trimethylamine, triethylamine or tributylamine, in an organic solvent such as dichloromethane, 
and after isolation by known methods, this may can be converted into the title compound 
cefepime dihydrochloride hydrate. 

10 



/>CH 3 




XI 



COO- 



A further aspect of this invention provides a novel process for the production of cefepime 
which is notable for the simplicity of the choice of solvent and the accessibility and facile 
1 5 handling of the 7-acyl side chain, and which at the same time leads to an active ingredient 
with high purity in respect of the above-mentioned by-products. 

The process comprises the reaction of a pyrrolidinium- 1 -[(7-amino-2-carboxy-8-oxo-5-thia- 1 - 
azabicyclo[4.2.0]oct-2-en-yl)methyl]-halide, an acid addition salt thereof or its free base of 
20 formula HA with (Z)-(2-aininotiua2ol-4-yl)methoxyimino-acetic acid-2- 
mercaptobenzothiazolylester of formula XII 
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in an acetonic or aqueous/acetonic solution, optionally in the presence of a base, wherein 
cefepime dihydrochloride monohydrate is precipitated in crystalline form directly from the 
reaction mixture by adding HC1. . 

The process is straightforward. Neither extraction steps nor more complex purification 
operations are necessary. The solvent regeneration is an especially simple procedure, in that 
only one solvent is used both for the acylation reaction and for the crystallisation step. 
The intermediate compound of formula HA may be present as mono- addition salt or di- 
addition salt or a mixture thereof. In addition, the intermediate of formula HA may be present 
in the form of a solvate, for example a hydrate. The usual addition salts are represented by the 
mono- and dihydrochloride or the hydriodide. 

Depending on the salt form, the corresponding acid addition salt is released for the reaction 

with the acylation agent with the assistance of the necessary amount of a base, preferably a 

trialkylamine. Accordingly, a mono-addition salt is released with approximately one molar 

equivalent of base, and a di-addition salt is correspondingly released with approximately two. 

However, it is also possible to react the corresponding acid addition salt with (Z)-(2- 

ammothiazol-4-yl)memoxyimino-acetic acid-2-mercapto-benzothiazolylester without adding a 
base. 

If the intermediate of formula DA is used as the mono- or dihydrochloride, the active 
ingredient cefepime is obtained as the pure dihydrochloride. If the intermediate is used as the 
hydriodide, the recrystallised product is practically and substantially free from traces of 
iodide. 

Alternatively, foreign ions can be removed from the reaction solutions by known methods, for 
example with the assistance of an anion exchanger. 
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Suitable trialkylamines are CpCg-trialkylamines, for example triethylamine or tributylamine. 
The presence of water in the acylation reaction in principle also allows the use of inorganic 
bases, for example sodium or potassium hydroxide or an alkali hydrogen carbonate or alkali 
carbonate, e.g. sodium or potassium hydrogen carbonate or carbonate. 

The reaction is preferably carried out in the presence of water: the amount of water is not 
critical; there must be balanced solubility of the cephalosporin intermediate of formula DA 
and of the active ester of formula XH. The water/acetone ratio may be between 1 : 1 0 to 1 0: 1 , 
and preferably a water/acetone ratio of 1 :1 to 1 :5 is used for the acylation reaction. After the 
acylation reaction, in order to crystallise cefipime dihydrochloride, hydrochloric acid is added, 
preferably aqueous concentrated hydrochloric acid, and a pH value of less than 3, preferably 
less than 1, is set By adding acetone, the crystallisation of cefepime dihydrochloride is then 
completed. Preferred water/acetone ratios in the crystallisation step are ratios of 1 : 1 to 1 :20, 
especially ratios of 1 :3 to 1 : 1 0. 

The processes of this invention may be carried out between -40°C and room temperature, for 
example between -35°C and 15°C, preferably between -25°C and about 1°C. 

Following is a description by way of example only of processes of this invention. 

Figure 1 is an X-ray spectrum of the compound of formula V as hydrochloride; 
Figure 2 is an X-ray spectrum of the compound of formula V as base (betain). 

The following abbreviations are used: 

NMP + to denote N-methylpyrrolidinium 

NMP-ACA to denote an intermediate compound of Formula EA 

Example 1 

Preparation of starting material 4-cUoro-2-methoxyimino-3-oxo-butyryl chloride 
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A solution of 0,488 g of 4-chloro-2-methoxyiminobutyric acid in 8.0 ml of acetonitrile is 
mixed at -20°C with 0.353 g of chloromethylene iminium chloride (Vilsmeier reagent) and 
stirred for 1 hour at -20°C. 

5 Example 2a 

Preparation of l-[[(6R,7R)-7-[[(2Z)-( 4-cUoro-2-methoxyimino-3-oxo-butyryl]amino]-2- 
carboxy-8-oxo-5-thia-l-azabicyclo[4.2.0]oc^^ 
hydrochloride 

1.55 g of N,0-bistrimethylsilyacetamide are added dropwise at room temperature to a 
suspension of 0.835 g of NMP-ACA.2HC1 in 10.5 ml of acetonitrile. After stirring for 
25 mins at room temperature, the solution obtained is cooled to -35°C. At this temperature, a 
solution of 4-cUoro-2-methoxyimino-3-oxo-butyryl chloride in acetonitrile (for preparation 
see example la), which has been cooled to -20°C, is added. After stirring for 1 hour in a 
cooling bath at -35°C, 2 ml of isopropanol are added dropwise. The resulting suspension is 
heated to 0°C and stirred for 1 hour in an ice bath. The suspension is then filtered. The filter 
cake is washed with acetonitrile. After drying in a vacuum at room temperature, 1 .42 g of 
product is obtained as a white crystalline powder. 

20 ! H-NMR spectrum (DMSO-d6, 8 in ppm) 

1,957 - 1,690 (m, 2H, pyrrolidinyl-H); 2,943 (s, 3 H, N-CH3); 3,371 - 3,701 (m, 5 H, 
pyrrolidinyl-H, S-CH2); 3,866 (1 H, J = 10,0 Hz, S-CH2); 4,060 (s, 3 H, OCH3); 4,329 and 
4,597(ABq, 2 H, J = 13,7 Hz, .-CH2-N); 4,846 (s, 2 H, CH2C1); 5,322 (d, 1 H, 5,1 Hz, H6); 
5,884 (dd, 1H, J = 8,4 Hz, J = 5,1 Hz, H7); 9,555 (d, 1H, NH) 

25 

Example 2b 

Preparation of l-[[(6R,7R)-7-[[(2Z)-( 4-chloro-2-methoxyiim™ 

carboxy-8-oxo-5-tMa-l -azabicyclo[^ 

hydrochloride 
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1 .63 g of trimethylsilychloride are added dropwise at room temperature to a suspension of 
5.00 g of NMP-ACA.HC1 in 190 ml of acetonitrile. After stirring for 10 mins at room 
temperature 8.5 ml acetontrile are added and then the suspension is cooled to 0°C. At this 
temperature 7.74 g N,0-bistrimethylsilyacetamide are added dropwise. After stirring for 20 
5 mins the resulting solution is cooled to - 20°C. At this temperatur a solution of 4-chloro-2- 
methoxyimino-3 -oxo-butyryl chloride in acetonitrile (prepared from 3.03 g 4-chloro-2- 
methoxyimino-3-oxo-butyryl acid, 2.16 g of chloromethylene iminium chloride (Vilsmeier 
reagent) and 45 ml acetonitrile; preparation see example la), which has been cooled to -20°C, 
is added. After stirring for 1 hour in a cooling bath at -25°C the cold reaction mixture is 

1 0 added within 20 minutes to a mixture of 148 ml acetontrile and 14 ml methanol and by 

addition of a solution of ethyldiisopropylamine in acetonitrile (10%) the pH is maintained in 
the range 2.0 - 1.5. The resulting suspension is stirred for 1 hour in an ice bath. The 
suspension is then filtered. The filter cake is washed with acetonitrile. After drying in a 
vacuum at room temperature, 7.20 g of product is obtained as a white crystalline powder. 

1 5 The corresponding X-ray spectrum is shown in Figure 1 . 

Example 2c 

Preparation of l-[[(6R,7R)-7-[[(2Z)-( 4-cWoro-2-methoxyimino-3-oxo-butyryl]ainino]-2^ 
carboxyr8-oxo-5-tft a- 1 -azabicyclo^ 
20 salt 

10.64 g of ( 4-cMoro-2-methoxyimino-3-oxo-butyryy 

azabicyclo[4.2.0]oct-2-en-3-yl]methyl]-l-methyl-pyn:oUdinium hydrochloride (for 
preparation see above) is suspended in 95 ml cold methanol. To the suspension is added 
25 dropwise at 0°C a solution of 8.1 g triethylamine in 30 ml methanol. The suspension is stirred 
for 1 hour in an ice bath. The suspension is then filtered. The filter cake is washed with cold 
methanol. After drying in a vacuum at room temperature, 7,57 g of product is obtained as a 
white crystalline powder. 

The corresponding X-ray spectrum is shown in Figure 2. 

30 
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Example 3 

Preparation of l-[[(6R,7R)-7-[[(2Z)-(2-amm^ 

carboxy-8-oxo-5-thia- 1 -azabicyclo[4.2.0]oct-2-en-3-yl]methyl]- 1 -methyl-pyrrolidinium 
dihydrochloride hydrate (cefepime dihydrochloride monohydrate). 

0.990 g of l-[[(6R,m)-7-[[(2Z)-(4-cMoro-2-methoxyimino-3-oxo^ 
8K)xo-5-tWa-l-azabicyclo[4.2.0]oc 

are added at 4°C to a solution of 0.152 g of thiourea in 5 ml of H 2 0. The pH of the suspension 
is adjusted to pH 6.0 with ion exchanger LA-2 and maintained in the pH range of 5.5 to 6.0 by 
adding LA-2 dropwise. After stirring for 8.5 hours at 2 to 4°C, the reaction mixture is washed 
with 10 ml of methylene chloride. After phase separation, the aqueous phase is washed a 
second time with 10 ml of methylene chloride. The organic phases are combined and then 
extracted with 3 ml of H2O. The aqueous phases are combined and mixed with 0.20 g of 
activated carbon. After stirring for 10 minutes, the carbon suspension is filtered. The carbon 
cake is washed with 1.5 ml of H 2 0. The filtrate and washing water are combined, acidified 
with 6 m HC1 to pH 0.6 and mixed with 50 ml of acetone. After adding seed crystals, stining 
is effected for 15 minutes at room temperature, and then a further 50 ml of acetone is added 
dropwise over the course of 1 hour. The crystal suspension obtained is cooled to 0°C. After 
stining for 1 hour in an ice bath, the suspension is filtered and the filter cake is washed with 
acetone. After drying in a vacuum at room temperature, 0.561 g of the title compound are 
obtained in the form of a white crystalline powder. 
HPLC purity: 99.6 area % 

Example 4 

Preparation of l-[[(6R,m)-7-[[(2Z)-(2-an^ 

carboxy-8-oxo-5-thia-l-azabicyclo[4.2.0]^ 

dihydrochloride hydrate (cefepime dihydrochloride monohydrate). 

1.55 g of N,0-bistrimethylsilylacetainide are added dropwise at 1°C to a suspension of 
0.835 g of pyrrohdiniimi-l-[(7-am 
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yl)methyl]-dihydrochloride in 10.5 ml of acetonitrile. After stirring for 45 rains in an ice bath, 
the solution obtained is cooled to -35°C. At this temperature, a solution of 4-chloro-2- 
methoxyimino-3-oxo-butyryl chloride (for preparation see example la), which has been 
cooled to -20°C, is added. After stirring for 1 hour in a cooling bath at -35°C, 2 ml of H2O 
are added dropwise. After stirring for 10 minutes at -35°C, 0.38 g of thiourea are added. The 
reaction mixture is subsequently heated to 0°C and the pH is adjusted to 6.0 by adding ion 
exchanger LA-2, and is maintained at this pH. After stirring for 2 hours in an ice bath, the 
2-phase reaction mixture obtained is mixed with 2 ml of H 2 0. After stirring for a further 
16 hours at 0 to 4°C, the pH is acidified to pH 0.6 with 6 m HC1. After adding 50 ml of 
methylene chloride, the phases are separated. The methylene chloride phase is then extracted 
with 3 ml of H2O. The aqueous phases are combined and mixed with 0.10 g of activated 
carbon. After stirring for 10 minutes, the activated carbon suspension is filtered. The carbon 
cake is washed with 1 ml of H 2 0. The filtrate and washing water are combined and diluted 
with 30 ml of acetone. After adding seed crystals, stirring is effected for 30 minutes at room 
temperature. Then, 20 ml of acetone are added dropwise to the resulting crystal suspension 
over the course of 30 minutes. The suspension is cooled to 0°C. After stirring for 1 hour in an 
ice bath, the product is isolated and the filter cake is washed with acetone. After drying in a 
vacuum at room temperature, 0.742 g of the title compound are obtained in the form of a 
white crystalline powder. 
HPLC purity: 99.5 area % 

Example 5 

Preparation of l-[[(6R,7R)-7-[[(2Z)-(2-amino^ 

carboxy-8-oxo-5-thia- 1 -azabicyclo[4.2.0]oct-2-en-3-yl]methyl]- 1 -methyl-pyrroUdinium 
dihydrochloride hydrate (cefepime dihydrochloride monohydrate). 

1 .706 g ofpyrrohdinium-14(7-amino-2-carboxy-8-oxo-5-thia-l-azabic 
yl)methyl]-dihydrochloride are added to a mixture of 10 ml of H 2 0 and 5 ml of methylene 
chloride, and the pH is adjusted to 6.50 by adding ion exchanger LA-2. The 2-phase mixture 
is cooled in an ice bath to 1°C. At this temperature, a solution of 4-chloro-2-methoxyimino-3« 
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oxo-butyryl chloride, produced from 1.464 g of 4-cUoro-2-methoxyimino-3-oxo-butyric acid 
(see example la), which has been cooled to -20°C, is added dropwise over the course of 
1 hour, whereby the pH is maintained in the range of 6.0 to 6.5 by adding base LA-2. After 
stirring for 15 minutes in an ice bath, 0.76 g of thiourea are added and stirring is effected for 
5 16 hours at 2-4°C. The pH is maintained in the range of 5.5 to 6.0 with LA-2. The reaction 
mixture is subsequently diluted with 100 ml of methylene chloride. After phase separation, the 
aqueous phase is washed with 50 ml of methylene chloride. The methylene chloride phases 
are combined and then extracted with 3 ml of H2O. The product-containing aqueous phases 
are combined and mixed with 0.20 g of activated carbon. After stirring for 10 minutes, the 

1 0 activated carbon suspension is filtered. The carbon cake is washed with 1 .5 ml of H 2 0. The 
filtrate and washing water are combined and diluted with 60 ml of acetone. After adding seed 
crystals, stirring is effected for 30 minutes at room temperature. Then, 40 ml of acetone are 
added dropwise to the resulting crystal suspension over the course of 30 minutes. The 
suspension is cooled to 0°C. After stirring for 1 hour in an ice bath, the product is isolated and 

1 5 the filter cake is washed with acetone. After drying in a vacuum at room temperature, 1 .236 g 
of the title compound are obtained in the form of a white crystalline powder. 
HPLC purity: 90.0 area % 

Example 6 

20 Preparation of l-[[(6R,7R)-7-[[(2Z)-(2-amm^^ 
carboxy-8-oxo-5-tMa-l-azabicyclo[4.2.0]oc^ 
hydriodide 

100.0 g of cefotaxime are suspended in 1.2 1 of methylene chloride and heated to reflux 
25 temperature. Whilst boiling under reflux, 2.5 mi of hexamethyldisilazane (HMDS) and 0.2 ml 
of trimethyliodosilane are added. Then, 102 ml of HMDS are added dropwise whilst stirring, 
and stirring is effected at this temperature for 1 hour, whereby the resulting ammonia is 
removed by passing nitrogen into the reaction suspension. Then, the clear solution obtained is 
cooled to 10°C. 70 ml of trimethyliodosilane are added dropwise at this temperature. After 
30 stirring for 60 minutes, 10 ml of trimethyliodosilane are added dropwise, and after a further 30 
minutes, a further 15 ml of trimethyliodosilane are added. After stirring for 165 minutes at 
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10°C, the reaction solution is stirred over the course of 2 minutes into a solution of 350 ml of 
N-methylpyrrolidine in 9 1 of isopropanol, which has a temperature of 18°C. The resulting 
suspension is stirred for 1 hour at room temperature. Then, it is filtered through a glass 
sintering filter and the filter cake is washed with 500 ml of isopropanol. After drying in a 
5 vacuum at room temperature, 97.7 g of the title compound are obtained in the form of a 
yellow coloured powder. 

Example 7 

Preparation of l-[[(6R,7R)-74[(2Z)-(2-amino^-tta^ 
10 carboxy-8-oxo-5-thia-l-azabicyclo[4.2^ 
dihydrochloride hydrate. 

4.00 g of l-[[(6R,7R)-7-[[(2Z)-(2-ammo^ 

8-oxo-5-tMa-l-azabicyclo[4.2.0]oct-2-en-3^ hydriodide are 

1 5 dissolved at room temperature in a mixture of 10 ml of H 2 0 and 30 ml of methylene chloride. 
The pH of the mixture is adjusted to 7.3 through the dropwise addition of ion exchanger 
LA-2. After stirring for 15 minutes, the phases are separated. The aqueous phase is adjusted to 
pH 2.5 with cone, hydrochloric acid and stirred for 15 minutes. Then, the precipitate formed is 
separated by filtration. The clear filtrate is acidified to pH 1.0 with cone, hydrochloric acid 
20 and mixed with 1.6 g of activated carbon. After stirring for 10 minutes, the activated carbon is 
removed by filtration and the carbon cake is washed with 5 ml of H 2 0. The filtrate and 
washing water are combined, acidified to pH 0.5 with cone, hydrochloric acid and diluted 
with 50 ml of acetone. Seed crystals are added, and the resulting crystal suspension is stirred 
for ca. 20 minutes at room temperature. Subsequently, a further 50 ml of acetone is added 
25 dropwise over the course of 30 minutes. When the acetone addition is complete, the crystal 
suspension is cooled to 0°C. After stirring for 1 hour in an ice bath, the suspension is filtered 
and the filter cake is washed with acetone. After drying in a vacuum at room temperature, 
0.85g of the title compound are obtained in the form of a white crystalline powder. Yield: 
36.8%. 

30 HPLC purity: > 99 area % 
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Example 8 

Preparation of l-[[(6RJR)-7-[[(2Z)-(2-am^ 
carboxy-8-oxo-5-thia-l-azabicyc^ 
5 dihydrochloride hydrate 

44.3 g of pyrrolidimum-1-^ 

yl)methyl]-iodide monohydrate ( NMP-ACA) are suspended in a mixture of 200 ml of H 2 0 
and 400 ml of acetone. 38.5 g of (Z)-(2-aininotUazol-4-yl)methoxy-iminoacetic acid-2- 
1 0 mercaptobenzothiazolylester are added to the suspension. At a temperature of ca. 15°, a 
mixture of 13.9 ml of triethylamine and 14 ml of acetone is slowly added dropwiseto the 
suspension over the course of 3 hours. The resulting cloudy solution is stirred for a total of 6.5 
hours at 20°C 

33 ml of 37% HC1 are subsequently added to the reaction mixture, and then ca. 300 ml of 
1 5 acetone are added whilst stirring. The mixture is seeded with seed crystals, and within ca. 
90 minutes a suspension is produced. Subsequently, within 90 minutes, 1700 ml of acetone 
are added dropwise whilst stirring gently. The suspension is stirred for a further one hour at 
room temperature, and then the title compound is isolated through a suction filter, and the: 
product is washed with 250 ml of acetone/H 2 0 mixture (90/10) and with a total of 500 ml of 
20 acetone in two portions. The product is subsequently dried for ca. 1 8 hours at room 
temperature in a vacuum drying chamber. 
Yield 51.8 g 

purity: HPLC: 98.8 area percent 
25 Example 9 

Recrystallisation of l-[[(6R 9 m)-7-[[(2Z)-(2-amino-4-thiazolyl)methoxyimino)acetyl] 

2-carboxy-8-oxo-5-thia-l-azabicyc^^^ 

dihydrochloride hydrate 
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50.0 g of cefepime dihydrochloride hydrate are dissolved in 200 ml of H 2 0. 22 ml of 6 n HC1 
are added and then the solution is mixed with 5 g of activated carbon. The suspension is 
stirred for 10 minutes at room temperature and then filtered through a suction filter. The filter 
layer is then washed with 50 ml of H 2 0, and the combined filtrates are mixed with 600 ml of 
5 acetone until turbidity occurs. The resulting suspension is stirred for 15 minutes and then a 
further 1400 ml of acetone are added over the course of one hour whilst stirring gently. The 
suspension is stirred for another one hour at room temperature, and the product is 
subsequently isolated through a suction filter. The product is washed with a total of 500 ml of 
acetone and dried for ca. 18 hours at room temperature in a vacuum drying chamber. 

10 

Yield 45.01 g 

purity HPLC: 99.7 area percent 

15 

X-rav diffraction measurements for Examples 2b and 2c 

Equipment used: 

X-Ray Powder Dififractometer D-8 (AXS-BRUKER) 
theta-theta-goniometer, sample changer 
20 target: Copper, Kal+Ka2 X = 1 .5406 A 

parallel beam optics (receiving soller-slit: 0.07 mm) 
Scintillation counter, standard sample holders 

Data collection parameters: 40kV, 40 mA, 2-40° 6/20, 0.01 steps, 2 seconds 
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Claims 



1 . A process for producing a compound of formula I 



I 




wherein a compound of formula DA or IB 
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wherein 

Ri is a trialkylsilyl group, 

R is hydrogen or a trialkylsilyl group, 

n is 0 - 2 and 

X signifies chloride, bromide or iodide 

is reacted with a reactive derivative of formula IE 




wherein T is trialkylsilyl, the silyl protecting groups, if present, are removed , or the 
compound of fonnula IV as the acid addition salt of formula V is isolated wherein m is 0 or 1 
and the compound of formula IV 
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PH 3 



V 



Y 




o 



. m HX 



or the compound of formula V is cyclised with thiourea, and subsequently the compound of 
formula I is isolated. 

2. A process as claimed in claim 1, wherein the compounds of formula E are produced from 
their respective mono- or di- hydrogen halide adducts. 

3. A process as claimed in claim 1 or 2, wherein pynx>hchmum-l-[(7-amino-2-carboxy-8-oxc 
5-thia-l-azabicyclo[4.2.0]oct-2-en-yl)methyl]-iodide monohydrate is used. 

4. A process as claimed in claim 1 or 2, wherein pyrroh(mnmn-l-[(7-amino-2-carboxy-8-oxc 
5-tma-l-azabicyclo[4.2.0]oct-2-en^ 
carboxy-8-oxo-5-tMa-l-azabicvclo^ 

optionally in solvated form. 

5. A compound of formula V, wherein Y and X are CI. 

6. A compound as claimed in claim 5 in crystalline form wherein the compound of formula V 
is in free base or acid addition salt form. 

7. A compound as claimed in claim 6 having an X-ray powder diffraction pattern 
substantially as that shown in Figure 1 or Figure 2. 



WO 2004/092183 



-23- 



PCT/EP2004/003988 



8. A process according to claim 1, characterised in that 4-chloro-2-methoxyimino-3-oxo- 
butyryl chloride is used as the reactive derivative of formula HL 

9. A process as claimed in any of claims 1 to 5 or 8, wherein prior to precipitation or 
crystallisation of the compound of formula I, any bromide or iodide ions that may be present 
are removed by ion exchange. 

10. A process for producing the compound of formula I 

I 



pH 3 




coo- 

.2 HCI . H 2 0 



characterised in that a compound of formula Vm 



OCH, 
N R 




COOSi(CH 3 ) 3 

is desilylated in a protic solvent, and subsequently reacted with N-methylpyirolidine 

to form a compound of formula X, and this is then converted into the compound of formula I 
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acH 3 x 

/ 3 




1 1 . A process as claimed in claim 1 0, wherein the protic solvent is a Ci-C 4 -alcohol. 

12. A process according to claim 10 or 11, wherein conversion of the compound of formula 
VHI is effected using a basic ion exchanger. 

13. A process as claimed in claim 10, 1 1 or 12, wherein conversion of the compound of 
formula X into the compound of formula I is effected through the free betaine of fonnula XI 
in isolated form 



OCH 

/ 




XI 



COO- 



14. A process for producing the compound of fonnula I 
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chaxacterised in that a compound of formula HA, in unsolvated or solvated form, is reacted 
optionally after addition of a base, with a compound of formula XII 

XII 




in acetone or aqueous acetone, and the compound of formula I precipitated in crystalline form 
from the reaction mixture by adding HC1. 

10 15. A process as claimed in claim 14, wherein pyrrolidinium-l-[(7-amino-2-carboxy-8-oxo-5- 
thia-l-azabicyclo[4.2.0]oct-2-en-yl)methyl]-iodide monohydrate is used. 

16. A process as claimed in claim 14, wherein pym)lidimum-l-[(7-amino-2-carboxy-8-oxo-5- 
thia-l-azabicyclo[4.2.0]oct-2-en-yl)methyl]-chloride is used, optionally in solvated foim. 

15 

17. A process as claimed in claim 14, wherein pyrrolidinium-l-[(7-amino-2-carboxy-8-oxo-5- 
thia-l-azabicyclo[4.2.0]oct-2-en-yl)methyl]-dihydrochloride is used, optionally in solvated 
form. 

20 1 8. A process as claimed in any one of claims 14 to 17, wherein a Ci-Cg-trialkylamine, KOH 
or NaOH, or an alkali hydrogen carbonate or potassium carbonate, is used as the base. 
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